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Abstract 
The BASTOR project identifies and characterizes the potential CO2 storage sites in the southern Baltic Sea. A regional 
theoretical storage capacity of 16Gt of CO2 in the Middle Cambrian sandstone beneath 900 meters of cap rock was estimated. 
1.9Gt of this storage potential is estimated in the Dalders Monocline with some 743Mt CO2 in individual hydrocarbon and saline 
aquifer structures located mainly offshore Latvia and 128Mt in the Dalders Structure. 
Although the study has established a relatively large theoretical storage capacity no effective capacity proven within these 
totals.  Dynamic modelling undertaken in the Southern Swedish sector suggests that the relatively poor permeability and porosity 
characteristics would limit the injection rate to 0.5Mt per well per annum and restrict the reservoir pressure increase to 50% 
above the hydrostatic pressure for an injection period of 50 years. The dynamic modelling for this area suggests that an injection 
strategy for this sector would be limited to 5 injection wells giving a total injection capacity of 2.5 Mt per annum. Based on these 
results, the potential of the Southern Swedish offshore sector to sustain injection rates of CO2 required for regional industrial 
capture, even when using horizontal wells, brine extraction and hydraulic fracturing, would appear to be very low. 
Areas to the north east of the Monocline, such as offshore Latvia have been identified as having better reservoir quality 
despite limited data being available. These areas could sustain higher rates of injection and prove suitable areas for commercial 
storage. Furthermore, the regional storage capacity assessment demonstrated that there are sweet spots in the Cambrian reservoir 
such as onshore Latvia, where there is commercial gas storage, and both onshore and offshore Kaliningrad, where there is 
ongoing hydrocarbon production. 
The potential for seal failure was investigated as part of the BASTOR study and three possible modes of seal failure were 
identified. These include top seal failure, migration up the bounding fault planes and leakage across fault planes. The risk 
associated with all of these is considered low, based on currently available data.  
A test injection methodology aimed at assessing the commercial viability of CO2 injection in the Baltic Sea region has been 
designed. This includes the characterization of reservoir, caprock and hydraulic properties, pump testing as well as CO2 
migration and trapping using a phased approach methodology.  An outline MMV program has been developed based on the 
results of the dynamic modelling and the development phases of a CO2 injection site.  
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Since the potential to store significant quantities of CO2 in the Swedish part of the Dalders Monocline appears to be limited, 
exploration efforts and the acquisition of new, site specific data through geophysical surveys, drilling and injection testing as well 
as detailed sampling and laboratory analyses, should be focused on areas of better reservoir qualities than the current study area.  
New data covering the north eastern portion of the Dalders Monocline, in particular offshore Latvia and onshore as well as 
offshore Kaliningrad, would allow a detailed characterization of individual potential sites for CO2 storage.  This would also 
define site-specific seal integrity as well as characterize small-scale fault structures that would ultimately dictate the potential 
injection and storage conditions. 
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1. Objective 
One of the main global challenges related to Carbon Capture and Storage (CCS) technology is characterising the 
geological conditions that are required for storing large volumes of carbon dioxide (CO2). This study assesses the 
potential for geological storage of 50 million tonnes of dense phase CO2 per year for a minimum of 25 years in 
sedimentary basins in the Baltic Sea area (Fig. 1.).  Storage potential may exist in depleted oil and gas fields or 
saline aquifer formations at depths greater than 800m, the minimum depth for CO2 stability. The Precambrian 
crystalline basement of the Baltic Sea Basin lacks porosity and permeability for CO2 storage. The principal stage of 
basin development was during deposition of a thick Middle Cambrian-Lower Devonian (Caledonian) sequence. This 
sequence contains sandstone and limestone aquifers that could store CO2, which are sealed by shale and claystone 
aquitards. Mesozoic rocks that unconformably overlie the Paleozoic are not deeply buried enough for CO2 storage 
and are confined to the south and southwest of the Baltic Sea area. 
2. Methodology 
The methodology included the following steps: 
x Data compilation 
x GIS map creation 
x Basin Screening 
x Calculation of theoretical storage potential 
x Build static model  
x Final closure structure selection and modelling 
x Dynamic modelling of selected structures 
x Seal Integrity Assessment 
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   Fig. 1. Baltic Sea Regional Map 
Following initial data compilation, a regional geological overview concluded that the only workable reservoir-
seal pair for CO2 storage is the Cambrian sandstones sealed by the Ordovician Silurian argillaceous carbonates and 
shales. In the Baltic Basin four sub-basins of interest were identified, Slupsk Border Zone (SBZ), Gdansk-Kura 
Depression (GKD), Liepaja-Saldus Ridge (LSR) and the Latvian, Estonian Lithuanian Border Zone (LEL). These 
areas contain almost all of the oil and gas fields in the Baltic Basin (Fig.1.). All available data for the sub-basins was 
compiled into a GIS database. The sub-basins were quantitatively screened for their suitability for CO2 storage using 
a methodology developed by Bachu [2].  
Following the ranking of the Baltic Sea sub-basins, storage capacity calculations were completed using the 
GeoCapacity methodology [4]. Hydrocarbon exploration and production data which was integrated into a GIS 
database, was used to estimate the potential theoretical storage capacity for the Baltic Sea sub basins. The 
calculations were undertaken as regional estimates for both hydrocarbon fields and saline aquifers. 
Based on the well and Cambrian depth structure map data four structures of interest were identified for further 
study as CO2 storage sites. A static reservoir model was developed for the selected structures based on Depth of the 
Top Ordovician, Top Alum Shale, Top Middle Cambrian, Bottom Cambrian, Thickness Ordovician, Thickness 
Alums Shale and Thickness Faludden Sandstone from well data.  
Of the four structures identified for further study two, the Dalders Monocline and the Dalders Structure were 
selected for dynamic modelling. Both structures are large enough for industrial scale CO2 storage. The Dalders 
Structure is also potentially a target for hydrocarbon exploration. 
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The seal integrity study investigated basic overburden properties above the Middle Cambrian reservoir including 
stratigraphy, lithology and thickness as well as the nature of any faulting and fracturing observed in the two 
candidate structures selected for dynamic modelling of CO2 storage. 
 
 
 
 
Table 1. Screening of Baltic Sea sub-basins in terms of suitability for CO2 geological sequestration 
Rank  Basin Characteristics Score 
1 Slupsk Border Zone Proven reservoir/seal pair, moderate size structures, offshore, large saline 
aquifer, limited faulting, good accessibility, <500kms to strategic CO2 sources 
0.76 
2 Gdansk-Kura Depression Existing oil and gas production infrastructure, moderate sized structures, 
offshore, fair accessibility, >500kms to some strategic CO2 sources 
0.75 
3 Liepaja Saldus Ridge Proven reservoir/seal pair, moderate size structures, offshore, fair 
accessibility, <500kms to strategic CO2 sources 
0.75 
4 Latvian Estonian Lithuanian 
Border Zone 
Proven reservoir/seal pairs, small structures, potential saline aquifer, only 
small area sufficiently deep for CO2 storage, accessible, 250kms to strategic 
CO2 sources 
0.71 
 
3. Results 
The Baltic Sea sub basins were ranked according to a methodology by Bachu [2]. Following the ranking of the 
Baltic Sea sub-basins, storage capacity calculations were completed using the GeoCapacity methodology [4].  
      Table 2. Theoretical Storage Capacity Summary 
  Estimated  CO2 Storage 
Capacity (106 tonnes) 
Regional Cambrian Below 900m 16,222 
          of which Dalders Monocline 1,924 
Individual Baltic Sea Field Total 743 
Dalders Structure 128 
 
Based on the available data for specific hydrocarbon fields, two separate calculation methodologies were used: 
x Generic Hydrocarbon Fields Method where limited data was available this method was used based on a 
simplified formula for the ultimate recoverable reserves (UR) and formation volume factors (FVF) in  the oil and 
gas fields [5].  
x  Detailed Hydrocarbon Field Method was used for the calculation of CO2 storage capacity in hydrocarbon fields 
where detailed reservoir and formation data are available using the formulae by Bachu [1].  
3.1.  Saline Aquifer Storage Capacity Estimates 
x Regional, Bulk Volume Estimates  were performed using the modified formula from Bachu [1] as published in the 
GeoCapacity methodology [4]. 
x Trap Volume Estimates  A trap specific theoretical storage capacity calculation was carried out for 8 closures, 
offshore Latvia and for the Dalders Structure [3]. The calculation was undertaken assuming the structures are 
open or semi-closed and assuming the Middle Cambrian Faludden sandstone is an unconfined aquifer.  
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This conceptual model assumes that the storage space is generated by displacing existing fluids and distributing 
the pressure increase in the surrounding and connected aquifer. This approach therefore assumes that available space 
is essentially the pore volume and the storage efficiency factor is dependent on the connectivity of the surrounding 
aquifer [4]. 
Based on the well and Cambrian depth structure map data available for the Baltic Sea area, four areas of interest 
were identified for static modelling as CO2 storage sites.  
 
               Table 3. Static Model Structure Sizes 
  Area (km2) Area (m2) 
Dalders Structure 161 160,784,104 
Dalders Monocline 72,169 72,169,300,000 
E-6 Structure 26 26,368,579 
E-7 Structure 26 26,298,247 
 
Based on the results of the static modelling the Dalders Monocline and the Dalders Structure were selected for 
dynamic modelling. The dynamic modelling is the subject of a separate paper by Prof. Auli Niemi of Department of 
Earth Sciences, Uppsala University, Sweden. 
 
 
Fig. 2. Top Cambrian Layers of the E7 Structure 
 
3.2. Seal Integrity Assessment 
Based on the petrophysical data and maps of sealing formations an assessment of the caprock integrity was 
produced. The caprock integrity assessment concluded that: 
x Top seal failure potential is low.  
x Seal failure resulting in leakage across fault planes is more likely, however the risk of this is still low.   
x There is little or no risk of upward leakage of CO2 along fault planes.   
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x Smaller scale cross cutting fault structures are likely to be open and these need to be considered as potential 
pathways for upward migration. 
 
     Table 4. Porosity and Permeability of sealing formations based on petrophysical data. 
 
 
4. Conclusions 
x There is large theoretical storage capacity in the Baltic Sea basin beneath a 900 metre thick impermeable 
caprock.  
x The maximum injection rate is sensitive to parameters such as formation thickness and permeability, and 
analyzing the effect of their local variability fully does require more detailed modelling than was possible in this 
preliminary study  
x The reservoir quality in the presently modelled area is not suitable to high injection rates and therefore not 
sufficient for commercial CO2 storage at the scale of projected emissions around the Baltic Sea.  
x There are sweet spots in the Cambrian reservoir such as onshore Latvia, where there is commercial gas storage, 
and both onshore and offshore Kaliningrad, where there in ongoing hydrocarbon production.  
x Acquisition of  further data will require much more regional cooperation 
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